1
The hedging instrument is denominated in a different currency from the spot asset, introducing foreign exchange risk, in addition to price risk.
2
The hedging instrument and spot position are in the same currency, which is different to that of the trader.
3
Hedging the cost of a forward commitment that includes fright costs.
4
Hedging high yield bonds that are exposed to both interest rate and stock market or credit risk.
5
Hedging long term forward commitments, where repeated roll over is necessary.
6
Hedging the shares of a commodity-based industry.
7
Hedging an intermediate product with futures on the final output and the finishing costs.
Hedging is analogous to finding the risk-minimizing portfolio, where investment in the spot asset is fixed. Hedging using a single hedging instrument corresponds to finding the risk-minimizing two asset portfolio. As for portfolio theory, a risk-minimizing hedge portfolio with many assets usually has lower risk than a two asset portfolio due to the diversification effect and less than perfect positive correlations between the spot position and hedging instruments. Composite hedging exploits this diversification effect by using two or more hedging instruments.
After discussing possible reasons for the neglect of composite hedging in section 1, the theory of composite hedging is summarized in section 2. The previous empirical literature on composite hedging is reviewed in section 3. Section 4 describes the data used in this study -a spot position in the Amex Oil Index, hedged using crude oil and S&P500 futures. Section 5 explains the alternative procedures employed for estimating the hedge ratios, while section 6 sets out the methodology used in this study. Sections 7 to 10 have the results for hedging effectiveness, the Copyright © 2007 Chen & Sutcliffe hedge ratios, and the inclusion of transactions costs and dividends, respectively. Section 11 investigates the effects of allowing for changes in the maturity of the hedging instruments, and section 11 contains the conclusions.
The Neglect of Composite Hedging
There have been thousands of empirical studies of hedging, but very few have used multiple hedging instruments, e.g. composite hedging. This may be because the vast majority of previous studies have chosen to investigate hedging a spot position with a future on that spot position, making composite hedging unnecessary. However, in many real world hedging situations there is no direct hedging instrument, a cross hedge is necessary, and composite hedging may well be the most effective hedging strategy. Therefore composite hedging is relevant to many hedging problems. In addition, the concept of composite hedging is based on portfolio theory and diversification; making its use a straightforward extension of well known techniques. Therefore, the lack of attention given to composite hedging in the academic literature, and the absence of examples of its use by practitioners, is surprising.
Possible reasons for the neglect of composite hedging by practitioners include:-• minimal incremental risk reduction from adding a second hedging instrument.
• the associated increase in transactions costs.
• increased indivisibility problems for the hedging instrument, as two or more instruments are used.
• lack of awareness of composite hedging.
• the reluctance of practitioners to formally apply portfolio theory.
Section 3 of this paper provides a literature review which demonstrate a range of applications where the gains from composite hedging are substantial. Later sections of this paper present a new empirical application of composite hedging which also investigates the associated transactions costs, relative to the reduction in risk; and argues that there is a strong case for composite hedging after allowing for transactions costs. The indivisibility problem is a function of the absolute size of the spot position to be hedged, relative to the contact size of the hedging Copyright © 2007 Chen & Sutcliffe instrument. Since contract size does not apply in forward markets, indivisibilities are not a problem for currency hedges; yet there is little evidence of substantial composite hedging using currency futures. Since knowledge of portfolio theory is widespread, this leaves an unwillingness of practitioners to formally apply portfolio theory, even in the three variable case, as the remaining explanation for the minimal usage of composite hedging. Michaud (1989) suggests seven reasons why practitioners may not formally apply portfolio theory:-(a) the need to forecast a large number of parameters, together with estimation error maximization, because portfolio theory concentrates money in the outliers; (b) the model ignores market impact; (c) the efficient frontier has unstable optimal portfolios due to ill conditioning;
(d) counter intuitive portfolios are generated (investment in only about 10% of the available assets when short selling is prohibited; and investment in every asset, often with very large short positions, when it is not); (e) poor performance, (f) politics -the effective use of portfolio theory requires a change in the organisational structure; and (g) an unwillingness or inability of fund managers to grapple with the technicalities of portfolio theory.
However, these reasons for not formally using portfolio theory apply with much less force to composite hedging. The error maximization problem is much reduced. Forecasts of only three correlations and three variances are required for a composite hedge using two hedging instruments. The failure to allow for market impact, unstable optimal portfolios and counter intuitive portfolios are not substantive problems for composite hedging. Poor performance is contradicted by the empirical results presented in this and other studies of composite hedging.
This leaves just politics, and an unwillingness to grapple with the technicalities of portfolio theory.
When engaged in single hedging, practitioners usually do not formally estimate hedge ratios, but select a hedge ratio of around unity, without the explicit application of portfolio theory. For a composite hedge it is much more difficult to guess a set of appropriate hedge ratios. In this case practitioners will probably be required to formally estimate the multiple hedge ratios. This may be an important reason for the reluctance of practitioners to use composite hedging, which may Copyright © 2007 Chen & Sutcliffe be reduced if "standard" composite hedge ratios were available from academic studies.
Composite Hedging
Composite hedging occurs when the risk of a single spot position (e.g. an equity portfolio) is hedged using more than one hedging instrument Danthine, 1980, 1981) . The formulae for composite hedging will be derived using a simple model, expressed in terms of equity returns.
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For simplicity, assume that there are two sources of risk, G and G . 
The traditional objective is to select hedge ratios, b and b to minimise the variance of s . 
Literature Review
Composite hedging has previously been applied to hedging the risks of spot positions in commodities, interest rates, foreign exchange and equities.
Commodities. Wilson (1984) examined hedging eight types of US wheat using up to three US wheat futures. He found that composite hedging using two futures improves hedging effectiveness by 1% to 2% compared with single hedging; while composite hedging using three futures offers little additional improvement in effectiveness. Braga (1990) hedged Canadian soyabeans with soyabean futures denominated in US$ to hedge the price risk, and US$-Canadian $ futures to hedge the exchange risk on the soyabean futures contracts. Using monthly data, he found this composite hedge removes 92% of the out-of-sample risk. Braga and Martin (1990) hedged Italian soyabean meal in lira using US soyabean meal futures and US$-DM futures. The composite hedges are about 15% more effective than the best single hedges. Grant and Eaker (1989) examined hedging spot positions in corn, wheat or oats with single and composite hedges.
When the future on the underlying spot commodity is included in the composite hedge, there is little improvement in out-of-sample effectiveness, relative to a direct hedge.
Miller (1982b) considered hedging feeder pigs, which are young pigs that will be fattened and slaughtered. Two important determinants of the price of feeder pigs are the price of slaughtered Copyright © 2007 Chen & Sutcliffe pigs (positive effect) and the cost of feeding them (negative effect). Therefore Miller used a composite hedge of live hog futures and corn futures, and found that this is superior to any single hedge. Distillers dried grains with solubles is a byproduct of ethanol, and Miller (1982a) found that hedging it with a composite hedge of soyabean meal and corn futures leads to a reduction in risk. Millfeed is a by-product of milling wheat into flour, and Miller (1985) examined the use of corn, wheat, oat and soyabean futures to hedge its risk. He found that composite hedges with up to four futures are superior to the best single hedge (corn).
Haigh and Holt (2000) investigated hedging the spot position of a US-based trader exporting wheat or soyabeans to Rotterdam. Two hedging instruments were used: futures on either wheat or soyabeans, and BIFFEX freight futures on route 1 (US Gulf to Rotterdam). They found that, for utility maximizing hedgers, composite hedging is superior. Haigh and Holt (2002) examined hedging a spot position in US wheat, corn or soyabeans purchased by a German-based trader.
They used three hedging instruments: futures on the US dollar price of the underlying wheat, corn or soyabeans; US dollar-Deutschmark futures, and BIFFEX freight futures on route 1. For utility maximizing hedgers, composite hedging using all three futures is preferable to that using only one or two futures. Herbst and Marshall (1994) studied hedging jet fuel using futures on crude oil, heating oil and unleaded gasoline; and found that composite hedging with the three futures improves effectiveness over single hedges. Neuberger (1999) hedged a commitment to supply crude oil 9 to 72 months in the future, using up to three Nymex crude oil futures of different maturities under 9 months. In this case the maturity of the hedging instrument is less than that of the forward commitment, the hedging instrument had to be rolled over, and a highly effective single hedge is impossible due to rollover risk. Neuberger demonstrated that hedging with two or three crude oil futures of different maturities substantially reduces risk.
Interest Rates. Pennings and Leuthold (2001) investigated hedging 10 year Dutch Treasury bonds with up to four financial futures, and concluded that composite hedging leads to greater effectiveness. Bookstaber and Jacob (1986) hedged 82 high yield corporate bonds with US
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Treasury bonds and shares in the corresponding company, and found the composite hedges to be superior. Grieves (1986) examined hedging spot positions in portfolios of US Treasury bonds, industrial bonds and utility bonds with US Treasury bond futures and S&P500 futures. As expected, there is no improvement from the use of composite hedging for US Treasury bonds because US Treasury bond futures provide a direct hedge. Composite hedging improves effectiveness for industrial bonds by 2% for high grade bonds, and 15% for low grade bonds. The corresponding improvements for utility bonds are 0% and 2%. Marcus and Ors (1996) repeated the analysis by Grieves (1986) of hedging a portfolio of industrial bonds with Treasury and S&P500 futures, and confirmed that composite hedging is appropriate for industrial bonds. Ramaswami (1991) tested the ability of US Treasury bond futures and futures on the firm's equity (with the future replicated using options) to hedge the risk of high yield bonds issued by
Chrysler, RJR Nabisco and Kroger. Composite hedging is of minimal benefit for Chrysler, but is effective for RJR Nabisco and Kroger.
Foreign Exchange. Eaker and Grant (1987) Malaysia is the composite hedge superior to the best single hedge. Mun and Morgan (1997) hedged the currency risk of five countries (Indonesia, Korea, Malaysia, Singapore and Thailand) against the US$ with futures for five currencies against the US$ (sterling, Swiss franc, mark, yen, Copyright © 2007 Chen & Sutcliffe Canadian $). They find that in each case composite hedging using all five futures is superior to the best single hedge. Harris and Shen (2006) studied the benefits of hedging a cash position in Australia, Canada, the EU, Japan, New Zealand, Norway, Singapore, Sweden, Switzerland and the USA for a sterling investor. The hedging instruments were spot positions in one or two of the other nine currencies.
For seven currencies, composite hedging is more effective; but for New Zealand, Norway and Singapore, composite hedging is inferior to single hedging. Bowman (2005) hedged the risk of the Australian dollar and the Papua New Guinea kina with 11 commodity futures, and found that composite hedges with four futures are superior to hedges using one or two futures. Lien and Luo (1993) investigated what they call "spreading". They used futures on the German mark and the Swiss franc to hedge the risk of a spot position in the Swiss franc. The average hedge ratios are 0.95 for the Swiss franc and 0.05 for the German mark. Since the spot asset corresponds exactly to the asset underlying one of the futures, the composite hedge ratios of approximately one and zero are not surprising. In such cases, composite hedging will not be of benefit.
Equities. Lien and Luo (1993) 
Data
This The Amex Oil Index ignores dividends, and in section 10 these are added back to convert this price index into a total return index. Amex trades options on the price index, but not the corresponding total return index; and no futures or forwards are traded on either the price or total return indices. Therefore, no direct hedge exists and composite hedging is relevant; particularly for hedgers who wish to use futures or forwards.
In any composite hedge, it is necessary to select the number and identity of hedging instruments used.
A. Number of Hedging Instruments. There are diminishing returns to diversification, and the initial diversification, e.g. moving from one to two hedging instruments, is much more beneficial than moving from (say) 11 to 12 instruments. Wilson (1984) , DeMaskey (1997) and Brooks, Davies and Kim (2004) found that composite hedging using two instruments is preferable to using more instruments; while Haigh and Holt (2002) Nymex crude oil futures trade with a new contract every calendar month, and the contract used in this study is rolled on a monthly basis. A study of Nymex crude oil futures by Ripple and Moosa (2005) found that rolling the hedge every month is preferable to holding a six month position, supporting the strategy of monthly rollovers. The Nymex contract expires on the third business day prior to the 25 calendar day of the month preceding the delivery month. Monthly th logarithmic returns are computed in the same way as for S&P500 futures, except that the roll to the next near contract occurs every month.
The Amex Oil Index, S&P500 and crude oil futures prices are all taken at the close of trading on the last day of the month, and so any non-synchronicity problem is small in relation to monthly returns. The unconditional correlation of returns for the Amex oil index and crude oil futures is 0.359; for the Amex oil index and S&P500 futures it is 0.546; and for crude oil futures and S&P500 futures it is !0.108 . These modest positive correlations between the spot asset to be hedged and each of the hedging instruments; and a negative correlation between the two hedging instruments support the use of composite hedging. Any single hedge will result in only a modest risk reduction; while the negative correlation indicates that the hedging instruments address different sources of risk, and so are worth using in combination.
Estimation of the Hedge Ratios
There are two important choices to be made when implementing a hedging strategy: -how to estimate the risk-minimizing hedge ratio; and whether to use a static or dynamic hedge ratio.
There has been a long running academic debate on these two questions, and a large number of econometric techniques have been examined; e.g Lee, Yoder, Mittelhammer and McCluskey (2006) and Moosa (2003) . The static-dynamic choice is considered in section 6, while the choice of estimation technique is discussed now.
The focus of the present paper is the benefits of composite hedging, not the methodology for estimating hedge ratios; and so three popular estimation techniques are selected to demonstrate the robustness of the conclusions on composite hedging to the estimation method -(a) Ordinary
Least Squares (OLS), (b) Multivariate GARCH (1,1) (M-GARCH), and (c) OLS or M-GARCH with an Error Correction Mechanism (ECM).
While the data does not comply with the OLS assumptions, this estimation technique is very widely used in the estimation of risk minimizing hedge ratios, and generally gives good hedging Copyright © 2007 Chen & Sutcliffe effectiveness results (although this may be due to the use of Ederington's effectiveness measure;
see Lien, 2005a Lien, , 2005b . Therefore OLS is used in the analysis below.
The Engle (1982) and White (1980) tests found significant ARCH effects in the data, and so M-GARCH is also used to estimate the hedge ratios. The presence of GARCH effects is confirmed by the significant conditional variance coefficients for the M-GARCH models estimated in sections 7 to 11 below.
The Augmented Dicky Fuller (ADF) test with MacKinnon (1996) one-sided p-values found that
Amex Oil Index and S&P500 futures prices are non-stationary, while crude oil futures prices are stationary. After first differencing, all three series are stationary. The residuals from the cointegrating regressions for the Amex Oil Index and crude oil futures, the Amex Oil Index and S&P500 futures, and the Amex Oil Index and the two hedging instruments were tested for stationarity. These ADF tests cannot not reject the null hypothesis that each of these sets of residuals has a unit root. Therefore, there is no long run relationship between the spot position to be hedged and the two hedging instruments, and the inclusion of an error correction mechanism is unnecessary. In view of the absence of any co-integrating relationships, the ECM approach is not used as one of the methods for estimating the hedge ratios.
Based on equation (3), the OLS regression to estimate the hedge ratios for composite hedges is:-
where s is the logarithmic return on the Amex Oil Index for time period t, f is the logarithmic nt return on S&P500 futures, f is the logarithmic return on crude oil futures, á is a constant term, where a, a and a are constants; and å , å and å are disturbances for time period t. In M-GARCH models the variance of each of the disturbance terms depends on the lagged squares and cross-products of all the disturbance terms. Using the restricted BEKK (Engle and Kroner, 1995) parameterization, the disturbance terms in equation 10 have a conditional variance-covariance t matrix (H ) given by:-
where E is a vector of the disturbance terms (å ) in equation (10), and C, A and B are parameter matrices of order n×n, where n+1 is the number of hedging instruments. C is a lower triangular t matrix, while A and B are diagonal matrices. The BEKK representation guarantees that H is positive definite. It also requires the estimation of only 12 parameters in the conditional variance equation for the case of trivariate GARCH (i.e. the composite hedge), and 7 parameters for bivariate GARCH (i.e. the two single hedges). For the M-GARCH estimation, equations 10 and 11 were estimated using maximum likelihood. The risk minimizing hedge ratios are computed by using the estimated equation 11 to forecast the conditional variances and covariances for the next period. These forecasts are then inserted into equation 7 or 8.
Methodology
The main aim is to compare the effectiveness of risk-minimizing hedges using a single hedging instrument (either S&P500 futures or Nymex crude oil futures) with that of a composite hedge using both hedging instruments. Since the Amex Oil Index is price weighted, it can be replicated using a buy-and-hold strategy, and so does not create any necessity for the use of dynamic hedge ratios. However, the hedging literature contains many examples of hedge ratios that change over time, and the oil sector is notorious for large changes in price volatility, which then feed through to changes in the hedge ratio. Therefore, to allow for this possibility, the risk-minimizing hedge ratio is permitted to change over time. To this end, a rolling windows approach is adopted. The first 60 months (January 1985 to December 1989) are used as the estimation period to provide the hedge ratios for use in hedging the Amex Oil Index during the next month (January 1990).
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The estimation window is then rolled forwards by one month (February 1985 to January 1990 , and the hedge ratios re-estimated to give hedge ratios for the next month (February 1990 ). This process is repeated, with the last hedge ratio estimated for February 2006, producing 194 out-ofsample estimates of the hedge ratio.
Futures contracts come in integer quantities, leading to rounding problems when hedging small positions, particularly for composite hedging. This problem is avoided by assuming that the spot position to be hedged is large, relative to the size of the futures contracts. Since the crude oil futures are rolled every month, the maturity of the future used in the hedge is constant. However, the S&P500 contract is rolled once every 3 months, and so its maturity when the hedge is placed is 11 weeks, 7 weeks or 3 weeks. Herbst, Kare and Marshall (1993) and Herbst and Marshall (1994) derived a method of allowing for variations in the maturity of the hedging instrument when estimating the hedge ratio, and this will be investigated in section 11.
For the entire sample period both S&P500 futures and crude oil futures have a highly significant effect on the Amex Oil Index. However, for the much shorter 60 month window used in the regressions to estimate the hedge ratios, it is possible these relationships are less clear, and so the in-sample statistical significance of these estimated coefficients is examined for the OLS regressions. S&P500 futures hedge ratios are all significant at the 5% level, while the corresponding figures for crude oil futures are 68% for single hedges, and 97% for composite hedges. Corresponding numbers for the M-GARCH regressions are less clear cut as the hedge ratios are non-linear functions of 7 (single hedges) and 12 (composite hedges) parameters.
At the end of each month the investor's wealth is computed for the hedged and unhedged portfolios. The out-of-sample effectiveness of the single and composite hedges is quantified by a measure analogous to the Ederington (1979) in-sample effectiveness measure:-
where Var(U) and Var(H) are the variances of the 194 values of the unhedged and hedged portfolios, respectively. Lien (2005a Lien ( , 2005b Lien ( , 2006 and forthcoming) has shows that the Ederington effectiveness measure has various shortcomings. First, it is biased downwards, so Copyright © 2007 Chen & Sutcliffe understating the benefits of hedging, and second, it favours OLS hedges. The primary focus of this paper is on comparing the effectiveness of composite hedges with single hedges, where both hedge ratios have been estimated in the same way. The two problems with the Ederington measure are not important for such comparisons. Table 1 shows the values of Var(U), Var (H) and e for the two estimation techniques. For both the OLS and M-GARCH hedges, the composite hedge is substantially more effective than either of the single hedges. Indeed it is more effective than the sum of the two single hedges. This suggests that the risk hedged by crude oil futures is orthogonal to that hedged by S&P500 futures.
Hedging Effectiveness Results
So far as the estimation procedure is concerned, the OLS hedges are more effective than the M-GARCH hedges. However, the effectiveness measure is biased in favour of OLS (Lien, 2005a (Lien, , 2005b While composite hedging has substantially higher effectiveness than single hedging, the superiority of composite hedging may not be statistically significant. Jarque-Bera tests show that returns on two hedged positions (OLS-S&P500 and M-GARCH-S&P500) are non-normal, while normality is accepted for the other four hedges. F-tests comparing a single hedge using crude oil futures with a composite hedge, both estimated using either OLS or M-GARCH, find that the composite hedge has a lower variance than the single hedge at the 5% significance level.
However, due to non-normality, F-tests cannot be used to compare the other hedges, and so bootstrapping is employed to test whether composite hedging generates out-of-sample portfolios with a lower variance than does simple hedging. 
Hedge Ratio Analysis
The rolling windows procedure allows the out-of-sample hedge ratios to change from month to month, as the data in the previous 60 months changes. Tables 3 and 4 present some statistics for the dynamic OLS and M-GARCH hedge ratios, respectively. For both single and composite hedges, and for OLS and M-GARCH estimation; the mean hedge ratios for crude oil futures are much lower than for S&P500 futures. There are two reasons for this difference. First, S&P500
futures have a larger size than crude oil futures. Second, the risk-minimizing single hedge ratio in equation (8) is the covariance between spot and futures returns divided by the variance of futures returns. Since the variance of crude oil futures returns is five times higher than for S&P500 futures (0.0085 versus 0.0017), while the covariance with returns on the Amex Oil Index is similar (0.0015 versus 0.0010), the crude oil hedge ratio is lower than for S&P500 futures due to the higher denominator. A similar argument applies to the composite hedge ratios. Table 4 : Hedge Ratio Analysis -M-GARCH For each estimation method, the single and composite mean hedge ratios for each instrument were broadly similar. This is consistent with the risks hedged by the two futures being orthogonal. The average total hedge ratio (crude oil plus S&P500 futures) for the composite hedges was 0.9412 for OLS and 1.0096 for M-GARCH; and so the use of OLS leads to slightly smaller futures positions being taken than when M-GARCH was used.
An important question for hedgers is the frequency with which the hedge requires rebalancing.
The variance of the hedge ratios for S&P500 futures is 2 or 3 times larger than for crude oil futures for both OLS and M-GARCH estimates. In addition, the variances of the M-GARCH hedge ratios are 2 to 10 times larger than for the OLS hedge ratios. These results indicate that the hedge ratios for crude oil futures are appreciably more stable than those for S&P500 futures; and that the OLS hedge ratios are much more stable than the M-GARCH hedge ratios (see figures 1 to 4).
To test for instability in the hedge ratios, the ADF test is applied. This tests for a stationary autoregressive process, against the null of a random walk. The p-values of the ADF tests in table   3 show that each of the series of dynamic OLS hedge ratios has a unit root. Therefore they follow a random walk process, allowing them to wander substantially from their average level, justifying the use of a dynamic hedging strategy. However, the hedge ratios estimated by M-GARCH are stationary; and so have a constant mean and variance, suggesting that dynamic hedging is unnecessary. This result is despite the M-GARCH hedge ratios having very much larger variances than the OLS hedge ratios.
It is possible that both hedging instruments address essentially the same risk, and the composite hedging regressions suffer from multicollinearity. In which case, due to sampling error, the individual hedge ratios will tend to be large and offsetting, i.e. negatively correlated. However, the correlation between the crude oil futures and S&P500 futures composite hedge ratios is 0.746 for OLS, and 0.383 for M-GARCH. These correlations indicate that such multicollinear effects are not a problem for composite hedging in this case.
Figures 3 and 4 show that occasionally the hedge ratios estimated using M-GARCH become negative (i. e. for a long position in the Amex Oil Index, the hedger buys crude oil futures). For composite hedges this may be because the vector of coefficients in multiple regressions takes into account the effect of the correlation between the Amex Oil Index and S&P500 futures.
Transactions Costs
The final rows of tables 3 and 4 show the sum of the absolute changes in the hedge ratios. These can be used to investigate how transaction costs (TC) might affect the different hedging strategies, and how they might increase due to composite hedging. Assuming the same linear relationship between transactions costs and the size of the rebalancing required for both hedging instruments, the transactions costs can be proxied by the sum of the absolute changes in the hedge ratio. The third and sixth columns of the first three rows of rather than the best single hedge (S&P500), is 0.064. This is less than half the cost per percentage point of the single S&P500 hedge (0.149). For the M-GARCH hedges, the corresponding improvement is 0.762 from a single hedge using S&P500 futures, with a TC/e score of 1.147.
The numbers in table 5 are not known to the hedger ex ante, and so any decision on whether to adopt a single or composite hedge must be based on forecasts. In addition, this decision depends on the precise risk preferences of the hedger. However, if the forecasts are broadly similar to those in table 5, the hedger will probably prefer the composite hedge to either of the single hedges. The transactions cost of trading futures are very low, e.g. 10 or 40 basis points, and so composite hedging may be a worthwhile expense to achieve a substantial risk reduction.
Dividends and Hedging Performance
The Amex Oil Index is a price index, and so does not include dividends. However, any investor who owns the Amex Oil Index basket of shares receives dividends. Therefore, unlike the index, the equity portfolio that is actually being hedged includes dividends. In contrast to many previous 
Maturity Effects
While the maturity of crude oil futures when the hedge is placed is always three weeks, maturity for S&P500 futures varies between 11 weeks and 3 weeks. As no empirical evidence is available on the effects of failing to allow for maturity effects when estimating S&P500 futures hedge ratios, this is investigated using a method proposed by Herbst and Marshall (1994) Kare and Marshall (1993) .
The no arbitrage condition for any futures contract is:-
tt t where S is the spot price of the underlying asset at time t, F is the futures price at time t, y is the t annual cost of carry until maturity, and ô is the time to maturity of the futures contract at time t, expressed as a proportion of one year. If the spot position to be hedged has a linear relationship with two futures hedging instruments, the regression equation to estimate the hedge ratios, expressed in terms of price changes, is:-t 11 t 22 t t Ä S = á + âÄ F + âÄ F + å (14)
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Using equation (13) to replace F and F in equation (14) gives:-2t
The maturity (ô) of crude oil futures is constant and, assuming the cost of carry for crude oil (y )
does not change over time, equation (15) The estimated values of â provide an estimate of the current S&P500 cost of carry (y ). Using these estimates, and setting C = 1, equation (16) is estimated 194 times with a 60 month window, as previously. Because equation (16) uses price changes, the OLS hedge ratios are given directly 2 by the estimates of and â . Table 7 shows the hedging effectiveness when changes in maturity are allowed for (equation 16), and when they are not, i.e. no maturity effects are included in equation (16). The effectiveness measures are very little changed by allowance for maturity effects, and so the earlier results based on equations (9) and (10) are robust to this omission. 
Conclusions
Many hedges involve a cross hedge, and composite hedging may well be able to improve hedging effectiveness in such circumstances. However, composite hedging has been largely neglected by academics and practitioners. The reluctance of practitioners to use composite hedging may be due to an unwillingness to grapple with the technicalities of estimating two or more hedge ratios, or possible political issues within the company.
Using both S&P500 futures and Nymex crude oil futures to hedge the risk of the Amex Oil Index leads to a very substantial increase in out-of-sample effectiveness (more than the sum of the effectiveness of the single hedges), and this superiority of composite hedging over single hedging in variance reduction is statistically significant. This superiority is robust to using a variety of well-established techniques for estimating the hedge ratios. Allowance for transactions costs shows that composite hedging remains preferable to single hedging for OLS and M-GARCH hedge ratios. The incorporation of dividends and maturity effects does not change the main conclusion that, in this case, composite hedging is superior to single hedging.
